repeated if necessary. Morphia will never kill a man who is in pain. On many occasions I have seen badly burnt men arrive in hospital after a sea journey lasting over twelve hours, in excellent condition, and on looking at their tickets I have been pleased to see that they have had injections of morphia amounting to 1 gr.
Most war burns consist of a mixture of first, second, and third degree, while some are wholly third degree. War burns may be considered as those which involve partial skin loss (first and second degree) and those which involve total skin loss (third degree), and it is essential that medical officers should try to differentiate between these two degrees. As a general working rule it may be said that if examination of the burnt area reveals any sign of dermal circulation the burn has not passed beyond the second degree; whereas in third degree burns there is no circulation and the burnt area remains dull and of a yellowishwhite colour.
In the treatment of war burns three essential factors require consideration, namely: (1) Shock, (2) Toxaemia, (3) Sepsis.
(1) SHOCK.-This may be divided into primary and secondary. Primary shock is the result of the burn and is directly responsible for very few deaths.
It is characterized by a fall in blood-pressure, feeble pulse and cold clammy skin. The temperature is subnormal. The severity of the primary shock depends mostly on the extent of the burn rather than on its depth; any case where more than 25% of the body surface is involved may prove fatal. Notwithstanding this, several cases have been treated in naval hospitals during the last year in which much bigger areas were involved and a successful issue has been obtained.
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The treatment of primary shock should be prompt: a hypodermic injection of morphia V/3 gr., repeated in an hour if the pain is not relieved. Warm blankets and hot sweetened drinks will quickly restore the patient. Secondary shock is a much more serious condition and occurs as a collapse some few hours after the receipt of the burn. It is most serious and accounts for quite 80% of the total deaths in burn cases. Burns of the thorax, abdomen and face appear to cause more shock or collapse than those occurring on the extremities.
There may be a definite interval between recovery from the initial shock and the development of secondary collapse, or the initial condition may simply merge into one of secondary shock. The patient complains of thirst and this is often accentuated by vomiting. The blood-pressure falls, the pulse is feeble, the respirations are rapid and shallow, and the temperature is subnormal.
The most important factor probably in the causation of secondary shock is the great loss of plasmna from the burnt surfaces and into the tissue spaces. Although some fluid with its valuable protein is actually lost externally the amount is quite small compared with that which accumulates in the tissues. It is in reality a fluid imbalance ; there is a shift of fluid rather than an external loss. The blood becomes concentrated and the hxemoglobin may rise to anything. between 105 and 140%. It is important to realize this as the fluid lost from the blood-vessels to the tissues can best be regained by replacing the lost plasma protein. If plasma is given intravenously it raises the plasma osmotic pressure to a value sufficient to restore and maintain the normal distribution of fluid between the intravascular and interstitial compartments. Whole blood transfusion is contra-indicated as it increases the corpuscular concentration and the capillaries become blocked with a huge excess of red blood corpuscles. Intravenous normal saline or sterile water are also contra-indicated because the former increases the cedema while the latter may result in a hazardous lowering of the extracellular electrolyte concentration producing water intoxication.
The amount of plasma necessary must be estimated by frequent blood examinations and the corpuscular concentration gradually relieved. Pain is controlled by morphia and the absorption of toxins prevented by some application which will coagulate the burnt tissues.
(2) TOXAEMIA.-The cause of acute toxacmia occurring in burns is still in doubt but an investigation into several hundred cases of war burns seems to support the view put forward by Aldrich that it is due to infection by streptococci. The toxaemia does not appear for several days after the infliction of the burn and can be prevented by adequate primary cleansing before coagulation is undertaken. In the war of 1914-1918 nearly three thousand cases of burns were treated in the Royal Naval Hospitals and Hospital Ships, and acute toxaemia was a constant feature. In the present struggle, it has not been nearly so frequent and there can be no doubt that the coagulation therapy is responsible for this marked decrease.
The clinical symptoms of toxamia may vary with the severity of the condition but there is generally restlessness and delirium. The pulse is rapid and vomiting is a very constant symptom. Circulatory failure with a fall in blood-pressure may cause a fatal issue. Albuminuria is always present when the toxacmia is marked.
For extensive burns with toxaemia, saline baths have proved most valuable.
(3) SEPSIS.-This has proved a real problem in war burns and its prevention has not been so easy as was expected. In first and second degree burns septic infection can be prevented provided local coagulation treatment is given immediately after the injury and this treatment is followed by adequate cleansing and coagulation when the patient reaches hospital. However, this is not always possible under war conditions, especially at sea and sepsis may be well marked by the time the patient reaches hospital. It is the third degree burns which form the major problem, for fully 90% of these become infected, the commonest organism being the haemolytic streptococcus. The contamination probably comes from the patient's own skin. When sepsis is present any tan should be removed and saline baths instituted. TREATMENT LOCAL TREATMENT falls into two definite categories: i.e. first-aid treatment and hospital treatment; very few war burns can be treated in hospital soon after the receipt of the injury. First-aid treatment.-This must be simple, painless and quick in application as many 7E 7 * n _ 7 715 1 * _ n n t 7 * -3 Section of Surgery and Section of Therapeutics & Pharmacology 45 cases may have to be treated in a short time. A jelly preparation is without doubt the best application, as there is not time to use a spray-or any other form of elaborate technique, and space is often limited on board a battleship ciuring action; nor do the inside of a tank or aircraft allow of much in the way of extra room for surgical cleansing. There are many jelly preparations made at present and having tried them all I am in favour of gentian violet jelly with merthiolate (1:5,000). The jelly is contained in a tube, which in itself is important, for dressings and solutions are often damaged by sea water and broken water pipes during naval actions, whereas tubes are not spoilt in the least by water, oil, grease and many other things that float about a sick bay or dressing station during or after an action.
FIG. I.
Gentian violet jelly can be applied to the burnt area without any cleansing whatsoever. The application should be liberal for it is painless and even soothing. The jelly will seal off the burnt area and a crust forms which remains iin place until the patient arrives in hospital.
There are other preparations which give good result, but none of them has such a penetrating and antiseptic action.
The local treatment of burns should not be given in the presence of shock which must be treated prior to any applications. No tannic acid preparation should be used on the hands or face; in the case of the fingers the unyielding tannic acid coagulum encasing the digits causes an cedema which seriously interferes with the circulation and terminal necrosis of the phalanges may take place (figs. 1 and 2).
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Proceedings of the Royal Society qf Medicine 4 Hospital treatment.-In those cases which can be admitted to hospital immediately following a burn injury the treatment of shock is instituted and this is probably better planned to-day than ever before. Plasma banks and dried plasma have played and are playing a very important part in the treatment of shock due to burns. The employment of oxygen administration by the B.L.B. mask has also helped to reduce the incidence of death from shock. By means of the B.L.B. mask the oxygen tension may be raised to 80% and this in itself helps to reduce the incidence of fat embolism which is quite a constant finding in cases of fatal burns (44%).
FIG. 2.
After the shock has been treated the patient is taken to a warm theatre and anmesthetized with gas and oxygen. The whole burnt area is thoroughly cleansed, the surgical technique being as rigid as for an abdominal operation. Saline is the only solution used, all blistered and dead epidermis is excised and the whole area cleansed with saline. The area is then dried with an electric hair drier and an aqueous solution of triple dye 2% gentian violet 1 % brilliant green 0 1% neutral acriflavine is sprayed on the surface. This is then dried and a second application applied, which in turn is dried. Usually two applications are sufficient to produce a nice thin supple tan, which is quite adherent everywhere and no sepsis appears around the edges of the tan.
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In those cases in which sepsis is evident,owing to inefficient cleansing and insufficient tanning, an anesthetic should be given and the area re-tannedL It is not always necessary to remove the pre-existing tan. As a rule the tan becomes loosened about the eighth or ninth day, and gradually falls off bit by bit leaving a healed area underneath. If, however, the burn be an extensive one and mostly or entirely third degree, then the area should be excised and skin grafted. The same applies to electric burns.
The majority of war burns are admitted to hospital from several hours to several days after the injury and have had first-aid treatment only. In such cases a very thorough examination is made of the burnt area, and if there is any evidence of sepsis an anesthetic is administered and the tan removed. The underlying surface is cleansed with saline and tarned with triple dye. The (luestion as to whether or not to use sulphanilamide when sepsis is p)Zesent is one which is often asked.
I consider that it is very rarely necessary to administer this drug because in third degree burns in which sepsis is a frequent complication, the skin is destroyed and with it a considerable amount of the body's supply of sulphur. It must be remembered that fully two-thirds of the body sulphur is in the skin and this sulphur must be replaced. The best method of sulphur replacement is by a liberal diet of eggs and these cannot be ,taken during sulphanilamide treatment. Moreover, many cases vomit while taking sulphanilamide and so further reduce their fluid and solid intake when it is important that 48 Proceedings of the Royal Society of Medicine additional proteins should be given in a liberal diet. Also a high salt diet is necessary when a large granulating area is under treatmeint prior to skin grafting because of the loss of chlorides.
A certain proportion of war burns are complicated by open vounds or fractures; in such cases the hospital treatment for the burnt area is the same and the wound or fracture treated by immobilization in plaster of Paris.
With regard to the treatment of third degree burns early skin grafting is essential if good results are to be obtained and scarring, contractures, and disappointments prevented.
Late after-treatm-nent. After the healing of a burn it is very essential that the healed surface which is covered with new skin should be treated by the application of lanoline each day for fully six weeks. The lanoline should be rubbed into the area and this massage will result in a skin which is more supple and better supplied with blood. After skin grafting this treatment should also be adopted. In the past late after-treatment has been badly neglected and so the ultimate results have not been good. Electrical burns.-These are by no means infrequent in the Navy and are due to broken electric cables and short circuits resulting from bombing attacks or gunfire. A certain proportion of these burns prove fatal and at times very little evidence can be produced as to the cause of death unless the medical officer is familiar with the tell-tale electric current mark. The shape of the mark varies with the shape of the object carrying the electricity, but usually they are circular or elliptical areas, varying in size from a pin's head to a pea. In colour they are greyish white, with a slightly raised periphery, a depressed centre, and no surrounding area of hyperaemia. They look glossy, feel smooth like parchment, and when on the fingers, result in the complete obliteration of the papillary lines over the area they occupy. Should the burnt area be more extensive the best form of treatment is complete excision followed by skin grafting. The small electric burn requires nothing more than the application of some triple dye.
FINAL ASSESSMENT OF WAR BURNS.-At this juncture the profession as a whole should have a more accurate mental picture of the end-results in the treatment of burns. It so often happens that the medical man who treats a burn and is satisfied with the immediate result, does not see the final effect in three months' time ( fig. 4 , p. 48) when keloid formation and contractures have taken place. A follow-up of burn cases is just as important as the follow-up of fractures.
PROTECTION.-In war burns the great majority of cases involve the face and hands and in the Royal Navy this has been appreciated since the battle of Jutland in 1916. An antiflash gear is now served out to every fighting ship for the use of ratings who are exposed to gun-flash or bomb-flash, and has resulted in a marked reduction in the number of burns.
Systemic Disturbances and Their Treatment in Extensive Bums
Professor W. C. Wilson: The systemic disturbances in burns are complex and obscure. The cause of some of them is still largely a matter of conjecture, and investigation on this subject is urgently required.
It is instructive to consider the systemic disturbances in relation to simultaneous pathological processes in the burnt area and to changes in the blood. Exposure of the skin to excessive heat kills instantly a large number of cells and injures many others. Attention has been directed mainly to the effects of injury on the blood-vessels, especially the capillaries and other minute vessels; much less is known of the effects on the tissue cells, on nerves, on lymphatics and on the blood circulating in the skin at the time of the injury. Yet it is not improbable that injury to any of these structures may have important consequences. For example, it is generally assumed that painful impulses from many injured nerve terminations are responsible for " initial shock " which sometimes appears very shortly after the burn is sustained. Experience, however, has shown that shock is rarely present within one hour of injury and that the common form of burn shock is the delayed or " secondary shock ". Whether nerve impulses from the site of the burn play any part in initiating or perpetuating secondary shock is unknown. There is general agreement that injury to the smaller blood-vessels is the major factor in the causation of secondary shock. Fluid of a constitution closely approximating to plasma escapes through the walls of many vessels which have been rendered abnormally permeable by the injury.
The abnormal permeability persists for periods of between thirty and forty hours but the passage of fluid from the blood-stream t-o tissue spaces seems to be most rapid during the first twelve hours and to become very slow after twenty-four hours. It has been established, however, that absorption does occur from burnt areas (Mason, Pavton and Shoemaker, 1936) . During this early period absorption is probably mainly by lymphatics and not directly into the blood-stream. The question of absorption requires further study.
The escape of plasma and its accumulation in the tissue spaces over a large extent of body surface is responsible for many changes. The total volume of circulating blood is reduced and the reduction is the main cause of the circulatory failure which is characteristic of secondary shock. In the blood there is the well-known change of haemoconcentration (increased corpuscular concentration) which, in so far as it indicates plasma loss, is of serious significance. Whether haemoconcentration per se impedes the circulation or interferes with oxygenation processes seems to me doubtful.
Various changes appear in blood chemistry shortly after the injurv (Wilson and 50 Proceedings of the Royal Society of Medicine Stewart, 1939) , some of which are probably the result of changes in permeability of the cell-membranes or injured cells (Lowdon et al., 1939) , but it would seem that none of the changes are in themselves sufficient to account for circulatory failure during secondary shock. The decline of plasma protein concentration after burns was stressed by Weiner, Rowlette and Elman (1936) and has been confirmed by many others. In my experience loss of plasma protein is serious only when large quantities of saline or glucose are given intravenously. These non-protein fluids escape rapidly through injured capillary walls carrying protein with them and causing pronounced depletion of plasma protein.
It is by no means certain that plasma loss in the burnt area is the only cause of secondary shock. Shock is usually more profound in deep burns than in superficial burns of approximately the same extent and distribution, yet plasma exudation is probably greater in the latter, which implicate the skin only, than in the deeper burns, which destroy the whole depth of skin and penetrate to less vascular tissues. Another feature of burn shock on which little information is available is oliguria. This persists for twentyfour to forty-eight hours and seems to be unaffected by the introduction of even very large quantities of fluid.
TOxSEMIA
The next phase in the svstemic disturbances is that of acute toxacmia which varies greatly in severity. The main features of a severe toxaemia are pyrexia, anxiety or stupor progressing to delirium and coma, vomiting, sometimes of blood, a tinge of jaundice, albuminuria and circulatory failure. The characteristic pathological change is necrosis and degeneration of the liver cells. The fulminating form of this condition is now distinctly uncommon but even in favourably progressing cases indications of mild toxaemia are often seen. In some of our patients who showed few or nQ signs of toxaemia, Thomson and' Wilkinson found evidence of impaired liver function in laevulose tolerance tests. Similar results have been reported by McClure and Lam (1940) , and by Wolff, Elkinton and Rhoads (1940) .
The blood changes associated with toxxmia are neither constant nor pronounced. Reduction of plasma protein, especially albumin, may persist; chlorides, CO2 combinlng power and serum sodium may be reduced and the icteric index raised by liver damage.
Toxiemia, however, is not accompanied by haemoconcentration. On the contrary the development of severe manifestations coincides with dilution of the blood and, presumably, with resorption of fluid, including that which had accumulated in the burnt area.
Liver necrosis, which is* sometimes so severe that it is incompatible with continued survival, is strong presumptive evidence of the action of a circulating toxin. Possible mechanisms of toxin production are bacterial infection and tissue autolysis at the site of the burn. The hypothesis of bacterial infection is attractive. Bacteria cannot be entirely excluded from a burn; like all wounds it is in some degree infected. Yet the hypothesis is not sugported by available evidence. Bacterial growth in the burnt area may be surprising y slight and it bears no close relation to the intensity of toxaemia. Moreover the characteristic liver lesion is probably never found after infections, even of the most virulent'type, by the bacteria commonly present in burns. There are objections to the hypothesis of tissue autolysis and the most serious is that aseptic autolysis does not produce potent toxins. Possibly autolysis is effective in toxin production only if accelerated and augmented by bacterial action.
SEPSIS
The cause of the next phase-sepsis-is not in doubt. Infection by the haemolytic streptococcus is frequent in deep burns after the first week and recently I have noted the presence of Staphylococcus aureus in many infected areas. The grave danger is septiciemia and pyacmia.
If the principles of treatment are clearly appreciated, and if common sense is used, the details of treatment can be left to individual choice. In the early stages warmth, morphine, hot drinks and protection against the factors which aggravate shock are necessary. If the area involved is extensive the rule " no local treatment before resuscitation" should be rigidly applied. Resuscitation is carried out by transfusion of plasma in quantities adequate to restore the lost plasma. The plasma volume and circulatory efficiency are measured by repeated estimations of haemoglobin and blood-pressure.
During the first forty-eight hours further plasma transfusions may be required.
Fortunately, secondary shock of burns responds very readily to this treatment, as was our previous experience with gum acacia, and haemoconcentration disappears. In the most severe shock a useful adjuvant measure is desoxycorticosterone acetate-a synthetic suprarenal cortical hormone-which, though by itself it has little effect on bloodpressure, corrects rapidly most of the blood changes and is definitely beneficial. Fig. 1 illustrates how quickly the blood changes, including haemoconcentration, in experimental scalds are corrected by the hormone. At this early stage caution must be exercised in the intravenous administration of non-protein fluid. Dextrose saline may be given to protect the liver against the toxic factor and plasma protein estimations during the first few days are of value in guarding against protein depletion. Trusler et al. (1939) have suggested that water intoxication is a definite risk if large quantities of fluids are given by the alimentary tract. The danger is not serious if ordinary care is exercised, but the practice of " forcing " fluids in burns is pernicious. The circulatory failure of toxaemia may, if severe, be resistant to treatment 52 Proceedings of the Royal Society of Medicine 10 but sometimes benefit, or even a dramatic success, is achieved by synthetic cortical hormone or cortical extract.
In the stage of sepsis the important general measure is exhibition of sulphanilamide or sulphapyridine. It may have little effect on the local septic process but it protects against the dangers of septicaemia and pyaemia. Experience has shown that the course is favourably influenced by blood transfusion. We have found low levels of serum sodium at this stage. To preserve the normal level of sodium and to aid protein regeneration a high salt and high protein diet is recommended. On general principles it should be rich in vitamins.
LOCAL TREATMENT Experience has confirmed my opinion that the coagulation method is the most suitable for all but exceptional circumstances. It is directed at neutralizing the dangers of shock, toxaemia and sepsis. When properly conducted, it relieves pain, lessens surface exudation of fluid and plasma loss, minimizes tissue autolysis and produces conditions unsuitable for bacterial growth. Certain dangers exist if this method is used for burns of the hands and fingers but they are easily avoided. In deep burns the aim, as in the treatment of dry gangrene, is to keep the sloughs dry till they are separated by the growth of granulation tissue. Immediately after the sloughs and exudate are cleaned off the granulating surface can be prepared for skin grafting. Many modifications of the coagulation method are available. I now use a single application of a 10% solution of silver nitrate, preceded and followed by applications of 1 % crystal violet. For areas which cannot be constantly exposed to the air, or for any reason cannot easily be kept dry the following jelly preparation is useful:- ... 100 parts It is applied with or without a single layer of gauze mesh and it quickly forms a firm, but fairly pliable, dry occlusive covering. Silver nitrate is included as a slow coagulant and antiseptic, the charcoal with the object of adsorbing fluid, bacteria and their products. I prefer it to the tannic acid-acriflavine jelly recently recommended (Wilson, 1940) .
An alternative to coagulation treatment is to soak off sloughs by saline packs or by repeated or continuous immersion in saline baths. This method produces a clean granulating surface more quickly than does the coagulation method and it is useful for deep burns,of limited extent, particularly of the hands. It is, however, laborious and requires constant attention by specially trained personnel. Moreover, there is as yet no good evidence that it can be employed with safety for extensive injuries. Studies of the systemic disturbances under this treatment would be of great interest but few seem to have been made; even post-mortem reports are not available. Every effort should be made to obtain healing with a minimum of scarring and contracture, deformity and disability. But there is an unfortunate tendency, by no means uncommon in surgeons, to concentrate entirely on the local condition and to neglect general measures.
Combination of Burns and Wounds
Wing Commander Cecil Flemming: I shall deal with one particular group of cases, namely, the type of case which one sees in the R.A.F. with a combination of burns and wounds. Unlike naval experience, one does have an opportunity of treating these patients in hospital at a very early stage. They usually occur as a result of crashes in which the aircraft catches fire. If the burns are more extensive the combined shock of the burn and of the crash may be fatal. But the problem which the practical surgeon has to face is what to do about the wounds. The ultimate cosmetic and functional recovery depends enormoufsly on early surgical treatment, probably more so in the. face than in any other part of the body except the hands. Therefore the first problem is how soon it is safe to give these patients an anaesthetic and what sort of anaesthetic to give them.
As to how soon it is safe to give an anaesthetic it is easy to say that it depends on the shock, but unless one can find some pathological criteria which will give some sort of clue as to the patient's condition one is rather in a state of confusion. I have tried using the estimation of the concentration of haemoglobin, and there is almost invariably in burns some increase in such concentration. In a severe case of mine, despite the injection of serum, the haemoglobin rose from 110 to 140 % before the fall began, and during that period there was cedema and falling blood-pressure. But the haemoglobin concentration, however accurate it may be as a guide, is, after all, likely to be affected if one is dealing at the same time with a patient who has been wounded and has been bleeding. The first question is the extent to which the haemoglobin concentration is a guide to the state of shock or, rather, to the state of the patient as regards any surgical interference. Is it in any sense a guide as to what can be done for the patient?
The next question is the choice and administration of the anaesthetic. Assuming that one has given all possible treatment and that the time is ripe to do something for a man who had got a large cut right through the thickness perhaps of both cheeks, what form of anaesthetic is to be given? One cannot put on a mask, and one is a little bit nervous about trying to pass a tube through the nose, possibly burned. My temptation has been to try an intravenous anaesthetic or a rectal anaesthetic. But on one occasion we were giving pentothal to a burned, wounded man, and he died after 3 c.c. had been slowly injected, before he was touched surgically. A second case in which pentothal was given died rather inexplicitly the next day, and here the barbiturate may have been a factor. Rather thani employ this type of anaesthesia in these cases of severe burns combined with facial wounds it is worth while considering a tracheotomy.
On this question of shock and toxaemia it is difficult to decide. If the man is shocked and wounded one can relieve his pain by surgery, but will surgery increase his shock'? I do not think in terms of shock in dealing with these particular people, but in terms of their pulse-rate, their blood-pressure, and their body fluids. We must regard the individual patient with his individual injuries. One case was that of a man who had crashed fairly close to his aerodrome. I saw him within two hours. He was badly burned about the face and hands, and he also had a fractured humerus, ulna, and metacarpal bone, and a compound and simple fracture of one tibia. In that type of case it was necessary to administer open ether and treat both bu-rns and fractures at once. On the following morning he was fairly well, and he has never since given any cause for alarm, In trying to solve the problem of these cases each patient must be regarded individuallv until the pathologists can give us some definite criterion that will help us to decide. Again, when dealing with facial burns we must think of the patient not only in terms of life but of living, and of the kind of face he is likely to be left with if one runs away from the problem and says: " This man is too bad to touch ". With the aid of dried serum and, less satisfactorily, with serum wet, we can deal with wounds in which a year or two ago there would have been little hope of securing a good result.
It is my duty to thank the Director General of the R.A.F. Medical Service for permission to make use of service case records, and also my duty to make it clear that the opinions expressed are solely my own.
Proceedings of the Royal Society of Medicine 12 Effects of Serum in Cases of Extensive Burns Professor L. J. Witts in absenitia (read by Dr. D. A. K. Black): During the past six months we have had the opportunity of observing the effects of plasma or serum in a number of patients with extensive burns. To avoid complicating factors, therapeutic agents like cortin or pituitrin, which might modify the blood findings, were withheld. The object of treatment with serum or plasma is to maintain the volume of circulating blood during the period when fluid is being lost into the burnt area, and so to prevent these irreversible changes in the tissues, which would occur if tissue blood supply were insufficient over a period of some hours; for this purpose a protein-containing infusion is necessary, as saline or glucose solutions leave the circulation very rapidly indeed in a shocked patient.
In patients with burns, signs of shock may be present within an hour of the incident, and the period of danger from shock appears to last for some twenty-four or forty-eight hours; thereafter, a fatal issue is not likely to be due to shock, but to toxaemia or to pneumonia. It has therefore been our practice to commence treatment with plasma as soon as possible after admission. The plasma drip is maintained during local treatment of the burns, and fort some hours longer; but intravenous administration of fluid was not prolonged after the second day, bv which time the patients were able to take adequate quantities of fluid by mouth.
We have used both citrated plasma from M.R.C. bottles, and reconstituted dried serum; the only'relevant difference between these two infusions is that citrated plasma has about half the protein concentration of true plasma, while reconstituted serum as used by us contained four times as much protein as true plasma. It has been suggested that there is an advantage in giving concentrated protein solutions, in that they may lead to recovery of some of the fluid lost into the neighbourhood of the burn, but in our patients the results with concentrated serum were definitely poorer. In two cases it was 13 Section of Surgery and Section of Therapeutics & Pharmacology 55 necessary to supplement the serum infusion with one of plasma, as blood dilution had failed to occur, while the third patient who had serum died. The administration of plasma or serum was followed by a very definite and striking clinical improvement in all the patients, except in one woman who was burned over almost the entire body. Peripheral cyanosis disappeared, the veins filled out, and mental apathy gave place to alertness. Patients were better able to take fluids by mouth, and to retain them. The blood-pressure rose, and the pulse increased in volume, although the rate often remained high in patients who were extensively burned.
Haemoconcentration was present in all the patients, and initial readings of over 120% of Hb. were not uncommon. Plasma infusion was followed by a fall in Hb., red cell count and hethatocrit %, to near the normal figures. Two patients had their plasma volume estimated by the dye method on several occasions; increase was observed, though less in amount than the quantity of plasma given, indicating that exudation was continuing. Concentrated serum was much less effective than citrated plasma in producing haemo-dilutio:l. On the basis of the patients so far treated, we can offer some suggestions as to the indications for plasma and the optimum dosage. Plasma is indicated where there are any signs of shock, such as pallor, collapsed veins, peripheral coldness or cyanosis, or fall in bloodpressure; the earliest sign of all is a rise in haemoglobin, and we consider that plasma is indicated in any patient whose Hb. exceeds by 10% its likely previous value; in the majority of patients with burns-young healthy adults-this can be taken as 100. Some help as regards dosage can also be obtained from the Hb. reading. If we assume a normal Hb. of 100% and a blood volume of 5 litres, the deficit in plasma is given by the formula 56 Proceedings of the Royal Society of Medicine Hb.: 100 = 5: 5-x, where x is the amount of plasma lost, and Hb. the observed haemoglobin. It is suggested that Hb. should be determined on admission, and the calculated plasma deficit run in rapidly by cannula while the burns are being cleaned and tanned. The Hb. estimation is then repeated, and more plasma run in by slow drip until the Hb. has fallen to normal. As soon as this has occurred the drip is stopped, and patients are given fluid freely by mouth, the fluid balance being charted. Our results after adopting this simple routine have been better, as regards shock, than in the earlier patients, in whom the dose of plasma was purely empirical.
The Functional Aspect of Burn Therapy Professor A. H. Mclndoe: The treatment of burns is a threefold matter, namely, the saving of life, the local treatment of the burnt areas, and the preservation of function in the parts involved. The saving of life is largely concerned with the treatment of burn shock and toxaemia, and it is obvious that the great strides made in serum and plasma therapy, and the use of coagulation treatment have greatly altered the outlook for the extensively burned patient. The question of the local treatment of the burns is more debatable. The evidence under war conditions is that the easily applied coagulation method, so successful in the prevention of toxaemia, has been carried too far, particularly in special areas of functional importance and where shock and toxaemia are not in evidence. This is particularly so of those coagulants which form a hard inelastic crust. Where the loss of skin is first or second degree (i.e. epidermal, dermo-epidermal or partial skin loss) the coagulation method gives excellent result providing sepsis can be excluded. Healing occurs rapidly from multiple focal points in ten to fourteen days. But where the loss of skin is third degree (full thickness) coagulation may and usually does fail particularly in regard to ultimate function. In these cases involving the whole thickness of the skin it is impossible to coagulate the entire burnt area. Sepsis inevitably occurs beneath the superficial coagulated layer with the result that months may elapse before separation of the slough takes place. Healing must occur from the edges of the resultant defect. Mr. Vaughan Hudson has compared this condition of third degree burns under tannic acid with the primary suture without drainage of infected wounds. Eventually a heavily infected granulating surface is exposed in which healing may be slowly and painfully achieved by dense scar tissue. During this phase the patient may become wasted and anaemic from chronic sepsis, broken in morale, and with such lowered general resistance that any question of grafting is impossible.
The preservation of function in the part burned is so intimately connected with the question of whole thickness or third degree skin loss that the two must be considered together. A first or second degree burn of enormous extent on the trunk or extremities treated by coagulation should result in complete healing with excellent function in ten to twenty days. A third degree burn in the same area treated in the same way means months of invalidism with eventual healing by scar tissue. There may be little functional disability because a keloid scar on the back or chest is not of much functional importance. These are the ordinary burns of civilian life; but the same burns occurring in special areas such as the face and hands where function is of the highest import have an altogether different significance in relation to coagulation therapy, particularly where valuable service personnel is concerned. Totally crippled hands and severe facial deformities with loss of vision, which must be considered the direct result of the coagulation therapy and not of the burn, have too often been seen, and as most war-time burns involve the face and hands this problem is a serious one. When it is realized that a third degree burn produces a raw surface for which the best dressing is skin itself applied at the earliest possible moment we shall come nearest to reconciling treatment with function. The preservation of function therefore concerns chiefly the third degree burn, and all treatment in this type should be aimed at early removal of sloughs and the preparation of a bacteriologically suitable granulating surface to which skin grafts in some form can be applied. The wholesale tanning of burned surfaces is therefore inadvisable particularly in areas such as the hands and face. Judgment must be exercised in the careful diagnosis of the type of burn and the selection of cases for the most suitable form of treatment. For specialized treatment there is every indication for the segregation of cases of burns and their concentration with special units. 15 Section of Surgery and Section of Therapeutics & Pharmacology 57 Valuable service personnel suffering from burns are being treated in widely scattered hospitals, some of them improperly equipped for the purpose. Delay occurring before the patient is brought under proper conditions has been responsible for many unfortunate results.
GENERAL CONSIDERATION OF BURNS It is essential to distinguish between a partial and complete skin loss. In partial skin loss rapid regeneration is possible, in complete skin loss' it is not. The diagnosis between them is easy at the two ends of the scale, i.e. between erythema with mild blistering and charring, or splitting of the whole skin down to the subcutaneous tissues, but it is difficult in that common type of case where severe second degree burns dosely resemble third. Examination of the exposed dermis may decide the point. Any sign of dermal circulation, however slight, may mean that the depths of the papillke have escaped. Blackened, wrinkled epidermis hanging from an opaque yellow-white dermis usually means a third degree burn with complete skin loss. Slight pressure on the dermis may produce blanching of the surface or bleeding may follow gentle rubbi-ng. If either of these signs is present a partial skin loss should be presumed. The matter is made more difficult by dirt, oil or first-aid dressings. This is a good reason for discountenancing the use of coagulants at first-aid posts, for the diagnosis of the burn is all-important. Deeper burns than whole thickness skin destruction may occur, and in certain areas must influence prognosis, e.g. hands, face, flexures, &c.
Location of burn.-While burns of great extent are dangerous to life, those of lesser area may have no lethal meaning, but may seriously affect the function of the part involved. Thus an extensive burn of the trunk may put the patient's life in jeopardy, but, when healed in two 'or three weeks, may leave him without disability. Loss of a piece of skin the size of a postage stamp on the lower eyelid may produce rapid ectropion with exposure of the globe, corneal ulceration, perforation and blindness. The most crippling deformities of the hands may follow deep burns of small extent which give rise to no anxiety whatever as far as the patient's life is concerned. Treatment is thus determined by the depth and situation of the burn and its liability to sepsis, as well as by its extent and its danger from shock and toxlemia.
In this paper I shall deal only with burns in special areas.
The airman's burn.-This is a burn with almost unvarying characteristics, unlike anything seen in civilian life. It is due to sudden exposure of unprotected parts of the body to intense dry heat or to flame, as though the entire patient were thrust into a furnace for a few seconds and then withdrawn. It is rarely due to the burning of liquid petrol on local areas of skin. If this occurs a third'degree burn is almost certain. The distribution is characteristic: -(a) Both wrists and hands, particularly the backs and fingers. If gloves have been worn only the wrists are involved. The depth varies with the time of exposure.
(b) The face in the "helmet area ". When goggles are pushed back the forehead, head and eyebrows may be severely burned, but usually the eyelids near the lash edges escape. The eyes themselves are not often burned. The area round the mouth and nose covered by the oxygen mask also escapes. The cheeks and ears are frequently involved. (c) The neck between the chin and the collar extending on both sides to the mastoid regions.
(d) The anterior surface of the thighs if the trousers are thin * the lower legs between the trousers and the boot tops if flying boots are not properly adjusted. These areas are less often involved than the hands, face, and neck, and shock and tox?emia are slight.
The importance of the distribution and extent of this type of burn lies in the fact that the special areas involved demand and can receive particular treatment, for the possibility of functional disability is strong. Subsequent Function in Relation to Depth of Burn The end-results of partial skin losses (first and second degree burns) are excellent, since healing occurs by regeneration of epithelium within ten to twenty-one days, provided sepsis is excluded. Scar tissue contraction is absent and deformities do not occur. This is 58 Proceedings of the Royal Society of Medicine 16 the type of burn most commonly seen in the war so far, and the results following almost any sort of treatment have been uniformly good.
Third degree burns involving the entire thickness of the skin, or second degree converted to third degree by sepsis under a tannic acid coagulum must result in raw surfaces as soon as the slough has separated. Judging by their incidence they form a formidable group of cases and can result in the most crippling deformities. This is unfortunately true of the two areas most exposed to burns, e.g. the hands and face. In terms of personal suffering, deformity and disfigurement, strain on the nursing staff as well as economic loss to the community, few injuries can compare with them. By careful selection of cases, however, and adequate treatment many disasters can be avoided. The problem here is really the early re-epithelialization of a raw surface in which the normal epithelial response is deficient owing to sepsis, poor underlying vascularity, and the depressed general condition of the patient. Finger-joints and tendons will become immovable if left to consolidate in the dense basic scar tissue of a granulating surface. Thus hands become crippled, eyelids retract, rapidly exposing the globe to external trauma, teeth are exposed by contractures of the lips with disastrous effect on their necks and enamel surfaces. Contraction bands across flexures produce the deformities so well known in every orthopaedic departmenit. These difficulties are particularly common in cases treated with tannic acid, which have become septic beneath the coagulum.
The Disadvantages and Dangers of Coagulationt Therapy in Burns of Special Areas
Coagulants containing a tannin preparation, used as dressings at first-aid posts on burns of the hands and face have long been advocated. Experience shows, however, that they are usually applied hurriedly and inadequately over uncleansed burned surfaces, whatever the degree of the burn and that they seriously complicate the final diagnosis, cleansing and treatment undertaken in the hospital. It would be better if a simpler primary application such as gentian violet jelly were substituted. Though gentian violet is also a coagulant it has fewer disadvantages than tannic acid in this respect. An even better first-aid dressing would be a simple saline dressing covered with a waterproof material to prevent evaporation.
When tannic acid preparations are used as the final treatment on the hands the following series of events has been noted:-(a) Limitation of movements of the finger-joints. The fingers are fixed in flexion during the time the crust is in situ. Not infrequently weeks elapse before this is removed and it may take months for the patient to make a fist. This has been encountered even where pressure effects are absent. It is the commonest serious sequel of tannic acid therapy.
(bJ Pressure effects: cedema developing beneath the coagulum as a result of the burn immobilizes the tendon sheaths very early and this is a definite factor in causing fixation of the joints. Sepsis, when it occurs, further increases the cedema. The pressure is intensified by the fixed encrusted tan which does not yield with the increase in size of the hand. Embarrassment of the circulation of the fingers leads to crippling deformities such as spindle fingers, partial necrosis or even total loss of the digits. A common complication is pressure necrosis of the tissues overlying the proximal interphalangeal joints with perforation into the joints. The result is a fixed, clawed, useless hand. It is not fully appreciated that this chain of events can occur in burns of the second degree and thit many of these arc converted into third degree purely by pressure necrosis.
On the face the difficulties largely centre round the eyes and eyelids and are most marked in burns of the third degree. Pressure effects are not noted but the horny layer of tan on the eyelids may cause great difficulties where the eyes are damaged and require treatment. If the burn is of third degree, sepsis is inevitable and rapidly developing ectropion with exposure of the globe, corneal ulceration and perforation may occur beneath the coagulum. In these cases it is far from easy to get rid of the crusts.
The use of tannic acid on third degree burns generally is not advocated. Only the superficial layers of the sloutgh are tanned and the deeper untanned areas must separate and autolyse as best they can. Septic absorption is not prevented and in fact is markedly increased, for sepsis of varying severity occurs in almost every case. The sloughs take too long to separate and the preparation of the underlying granulating surface for grafting is greatly delayed. Infection becomes thoroughly established in the granulations, I I.9.40.
Pilot officer. Burned 1.9.40. Admitted tanned 11 .9.40. Note the tense swollen dorsum and the tight constricting bands round the wrists. The fingers are iXnmovably set in the tannic acid coagulum. Severe pain requiring morphine gr. i twice daily. a_ s 26.9.40.
Fifteen days later. Coagulum has been partly removed with considerable difficulty. Note that the burnt areas are healed. This was a second degree burn except for one or two small spots on the left hand. and their blood supply is impoverished owing to the increased density of the basic scar tissue layer. The epithelial response from the edges is practically absent. During this period of closed sepsis there is a steadv decline in the morale and stamina of the patient .   FIG. 2. -Pilot officer, five weeks after receipt of encircling burn of both hands.
Tannic acid applied and removed after three weeks. Severe pain during this period. Note that hands are completely healed except for third degree area on radial side right hand. Note pressure necrosis over knuckles of proximal interphalangeal joints and perforation into joints. The hands are wasted, clawed and immobile. They will probably remain so. This is, a typically bad tannic acid result.
-------------- A.-Pilot officer with " goggle burn ". The eyelids have escaped injury, the burn is of second degree, uninfected, and the result under tannic acid coagulation excellent.
B.-Pilot officer with third degree " goggle burn " involving eyelids. Tannic acid was used and great difficulty was experienced in dealing with the eyes which had been injured. It was not until the coagulum was removed that adequate treatment could be applied.
C.-Airman with similar third degree burn involving eyelids which had been tanned. Corneal ulceration followed ectropion beneath the coagulum which was removed with difficulty. Grafts applied as soon as possible but not before irremediable damage had been done. Note residual corneal opacities. The Saline Treatment of Burns in Special Areas An alternative to coagulation therapy for these special types of burns is saline packs and baths. This might seem to be a return to the precoagulation era of painful dressings and demoralized patients, but all experienced plastic surgeons know that saline treatment can be carried out quite painlessly and is, in fact, not objected to by the patient. Expert nursing is required and the most rigid attention to detail, but the results fully repay the time and labour expended.
Hands.-The hands are immersed into small baths containing normal saline at 980 C. The patient is encouraged to move his fingers and wrist-joints in the saline solution; two or three baths of one hour each are given during the day. Following the baths the affected parts are gently and carefully covered with tulle gras' and then sterile gauze soaked in normal saline is laid upon it, with no pressure, the latter being replaced every two hours without disturbing the underlying tulle gras. It is essential that dressings should not stick to the raw surface and on no account should wet dressings be left to dry and become adherent, as exquisite pain is caused on removal. The hands are then covered with a sterile towel, and supported on light wire splints. The position of the hands and wrists when at rest is important; the wrist should be slightly dorsiflexed and the fingers kept slightly flexed, especially at the metacarpophalangeal joints. The outer dressing, but not the tulle gras, is removed prior to the subsequent baths, the tulle gras floating off in the saline solution. In this way painful dressings are avoided. Although nlo antiseptic solution is added; sepsis, if it occurs, clears up rapidly within one to two weeks and healthy granulation tissue develops. In some cases epithelial debris separate and form thin white layers over the underlying granulations or newly formed epithelium; the debris should be removed by gentle swabbing and occasional addition of soap (pure soap-flakes) to the saline, or the hands may be given a thorough but gentle cleansing under a light gas and oxygen anaesthetic. This debris appears to be a potent nidus for the development of organisms, hence it is better removed.
Face.-Sufficient wool or jaconet is arranged around the neck to collect the drips, or a jaconet collar is fitted as described later. The eyelids and hairy parts are smeared with sterile vaselin. All loose pieces of burnt skin and debris are gently swabbed with wet wool and will come away without causing undue discomfort. A gamgee face-mask with an opening for the nose and/or mouth is prepared, soaked in normal saline and placed lightly on the face. The entire burnt area is covered. Over this is placed a jaconet cover with wool to retain the warmth and moisture. Every quarter of an hour further saline should be dripped on to the gamgee pad. This may be conveniently done through a drip from an irrigator can, preferably of the thermos flask type, and co-operative patients can often apply the intermittent irrigation themselves. If the patient requires cleaning up under an anaesthetic opportunity should be taken to clean off the debris more thoroughly. Soap (pure soap-flakes) and water may be used for the cleansing process. Fresh gamgee should be applied every twenty-four hours and if the old gamgee tends to stick, very light anaesthesia should be given and the tulle gras applied over the surface of the burn and saline treatment carried out. With a wide-meshed greasy dressing next to the skin the necessity for replenishing the moisture so frequently may not be so apparent. In certain patients, if a jaconet collar is satisfactorily applied there is no need to have a gamgee pad, the normal saline being flushed straight on to the face. For travelling purposes two or three layers of the tulle gras will make an efficient covering with some light gauze over it.' Blisters should be dealt with as they arise.
To make the jaconet collar.-Make a hoop of wire roughly over 12 in. wide by 16 in. long. Cut a piece of jaconet large enough to cover the area and sag in the middle in the 'Tulle gras, originally a French preparation, may be prepared in the following way. Curtain net, with a mesh of 2 mm., is cut into pieces 9 cm. square. These are placed in a metal box slightly larger in size. The box is then filled with the following mixture Soft paraffin, 96 grm. Balsam of Peru, 2 grm. Halibut oil, 2 grm. sufficient to impregnate and cover the material completely after sterilization.
21 Section of Surgery and Section of Therapeutics & Pharmacology 63 form of a bag 8 in. deep. At the neck end of the oval cut an opening large enough to slip over the head with ease. At the opposite end of the oval cut a drainhole at the most dependent part sufficiently large to take a rubber tube-in diameter about size 13. One end of this tube projects very slightlv into the basin formed by the jaconet and is fixed in the hole with thread or elastoplast. The whole tube should be about 3 ft. long and drain into a convenient receptacle. The jaconet is attached to the wire frame by folding over a small hem and hemming it. Round the hole for the head, the edge of the jaconet is turned over and likewise hemmed, but the hem should be sufficiently large for a tape to run freely through it to tighten the collar round the neck. Further support to the front of the bib can be given bv attaching the front of the frame to the pole supporting the irrigator. The attachment can be released when the bib is not in use.
Mixed Second anid Third Degree Burns of the Body Generally When the surface extent of the third degree burn involves wide areas of the trunk or thighs the best treatment is by the continuous constant temperature saline bath and if the hands and face are also involved these can be treated at the same time, by immersing the patient in a bath of saline. The bath is filled with thirty-two gallons of warm water to which is added one gallon of saturated solution of salt. This gives 09% solution. Warm water, to which is added automatically sufficient salt to form a physiological solution, runs into the bath at the rate of one gallon per minute, by means of an automatic device emptying into the head end. A similar quantity of water is allowed to run out from the bottom of the bath by means of a specially arranged valve. The temperature of the water is controlled by a thermostat. The patient is left in the bath /2 -1 hour or longer if comfortable. He is then returned to bed and placed on sterile towels under a heated tented bed. The bed is wheeled alongside the bath for this purpose. The burnt areas are covered with a single layer of tulle gras, which in turn is overlaid with gauze soaked in saline. The raw surface should not be allowed to dry or pain will be produced.
The normal skin, especially in the vicinity of the burn, may become sodden from the immersion in saline. This can be avoided by interrupting the baths for one or two days at the end of a week. In burns of second and third degree new epithelium growing from the periphery and from central islands appears at the end of ten to fourteen davs and spreads rapidly. The greasy layer from the tulle gras is removed occasionally by gentle wiping with saline gauze. In purely third degree burns the raw surface becomes clean and healthy granulation tissue appears towards the third week. The epithelial response from the edges is remarkably rapid and progresses steadily. As soon as possible skin grafting by the most suitable method is undertaken.
During all this time joint movements have been encouraged anid thus stiffening is avoided and contractures are minimized.
The Use of Plaster and Vaselin This method employed in the treatment of wounds is occasionally applicable to burns at certain stages. It should be reserved for third degree burns of the limbs, in cases where sepsis, pain and toxirmia have undermined the patient's morale so that he cannot tolerate the more elaborate forms of treatment. In such cases a general aniesthetic must be given: the burnt areas are then cleaned, debris removed, burned or necrotic tissue excised and the cleaned areas wrapped in vaselin gauze. Plaster of Paris is then applied in the usual way. By this method all dressings are avoided, rest and relief of pain is obtained. At the end of two or three weeks the plaster is removed and the burn inspected. Reapplication of plaster for a further period of two weeks or skin grafting will then be carried ouit, according to the degree of healing obtained. It may be possible to resume bath treatment.
The Late Treatment of Raw Suirfaces
The control of infection and the preparation of the raw surface for grafting are matters for skilful and devoted nursing. Efficient treatment is at the same time the best stimulus to epithelialization, as has already been indicated. There is no easy road by antiseptics or dressings occasionally applied, and, in the full thickness skin loss, all efforts must be directed to " reconditioning " the surface for the application of grafts. This should be possible from the fourth to sixth week. The disappearance of pain is an excellent indication of the control of infection and the correct moment to apply grafts is decided by the clinical appearance of the raw surface and the character of the discharge. Such a criterion as the bacterial count has been found in actual practice to be misleading, though a knowledge of the bacterial flora is of value.
If a third degree burn is of such a localized nature that it can immediately be excised and grafted, a long period of disability can be avoided. In this way a burn loss is transformed into a traumatic loss by excision with consequent improvement in the healing outlook.
FIG. 4.-Saline bath mechanism. Hot water passes through a mixing valve A. The temperature is controlled by the thermostat B, at I05°F. The water runs into the container C, at the rate of I gallon per minute. M/hen C is filled it discharges automaticallNy into the container E, and during its passage draws enough saturated brine solution from a tank through pipe D to make normal saline. From E the normal saline is discharged into the bath in a constant stream at I00°F. Under war conditions the most generally useful free grafts for ra%v surfaces are: (a) Small deep grafts (Staige Davis); (b) thin razor grafts (Ollier, Thiersch); (c) thick razor grafts-intermediate or split skin grafts. By a judicious use of one of these almost any loss of skin can be satisfactorily replaced.
The actual technique of grafting is in the province of the plastic surgeon, and it is advisable that the work be carried out in Units specially designed for the purpose. The patient can be transferred there by ambulance when it is considered necessary.
[This work has been carried out at the East Grinstead Maxillo-facial Unit. I am indebted to Mr. Skinner of the Office of Works for the ingenious construction of the constant temperature saline bath and to the Staff of the Hospital for their enthusiastic help in this difficult field.] Envelope Method of Treating Burns Surgeon Lieut.-Commander John Bunyan, R.N.V.R.-At the outset it must be stressed that the envelope method of burn therapy is in its early stages, and although the treatment appears to give most encouraging results, much work has yet to be done. Only the urgency of the problem of war burns has justified such early publication. It would appear that the five essentials for the healing of wounds of all kinds are: (1) Non-traumatic mechanical cleansing; (2) dissolving and washing away of dead organic matter; (3) transudation and removal of stale corrupted serum from injured tissue; (4) the attraction of new healthy serum to the injured tissue; (5) destruction of any remaining bacteria.
At the same time a satisfactory form of therapy must fulfil the following requirements:
(1) Treatment must be painless and relieve existing pain; (2) should not necessitate the use of general anaesthesia;
(3) no preparation should be used which produces toxic matter or otherwise injures healing tissue; (4) protective dressings should require the minimum of interference; (5) dressing must prevent all possibility of secondary infection.
The treatment of burns demands in addition the following special conditions: (1) Avoidance of aggravation of primary shock; (2) prevention of acute toxiemia from breaking down of damaged tissue; (3) primary disinfection and prevention of secondary infection;
(4) control of loss of body fluids and salts from burnt areas; (5) stimulation of new tissue growth without production of scarring.
The treatment that satisfies the above requirements most closely is intermittent irrigation with weak solutions of electrolytic hypochlorites. The properties of these solutions are: (1) Selective action-the solution of dead tissue and stimulation of healing tissue;
(2) the breakdown products are salt and oxygen; (3) great bactericidal powers in nonirritant concentrations; (4) stability and constant strength of stock solutions; (5) relief of pain and desensitization.
The treatment consists of (a) A hosing down of the burnt area by a 5% solution of electrolytic hypochlorite at 1000 F. which removes all surface contamination, much of the charred tissue, all the exudates, and kills most of the bacteria present.
(b) The application of the appropriate coated-silk envelope to the burned limb or part for irrigation.
The envelopes are made of a fine pure silk cloth coated with Bynthetic resins which are unaffected by hypochlorites or boiling, and render the silk watertight.
The most suitable shapes have been designed for application to any part of the bodvy There is an entry and exit, and the open part of the envelope is sealed to the body by a combination of specially prepared adhesive silk strapping and rubber or pneumatic bands.
Sealing is not a difficult operation, and providing attention is given to every detail, a satisfactory watertight seal can be made in nearly every case.
In the case of very extensive burns where complete immersion of a large part of the body is necessary, a portable collapsible bath has been designed and built. Its advantage is that it can be used anywhere, and after irrigation becomes the bed, so that there can be little possibility of secondary infection. As in the case of the envelope it is also the sole dressing. Method: The containers are suspended above the patient, connected by a Y tube and lead to the envelope. The saline is run in first flowing over the burn. When the envelope is half full the saline-hypochlorite solution is added to the saline in the envelope until the final concentration of hypochlorite in the envelope is about 2-2%4%-a concentration which can be tolerated easily by most patients. The envelope is slowly agitated to give a flowing motion to the fluid, and after twenty minutes is run out. The irrigation is done three times a day during the infected stage, and twice daily when infection has ceased. Between irrigation the wound is left undisturbed, as any stale exudate having been taken away the fresh exudate is allowed to proceed with healing without interference.
During the washing, further hypochlorite is added to make up for that destroyed by combination with the dead organic matter. Wherever possible, a continuous flow should be arranged. Many combinations of solutions can be used, but space does not permit of their inclusion in this paper. The envelope remains undisturbed until the burned area has epithelialized over completely, or until the area is ready for grafting.
From the cases treated in this manner it is possible to formulate a list of claims with some certainty. They are discussed under the following headings:-Prinmary shock.-Since the cleansing is painless and does not stimulate the nerve endings, no general anasthetic is required except in the most extensive burns. The envelopes can, in most cases, be put on and sealed without touching the burn at all. Disinfection can proceed without the patient being aware of any treatment occurring, so that he can be given all the aids to resuscitation without interference. Seconzdary shock.-Owing to the removal of any irritant matter which might keep up the capillary dilatation, loss of body fluids and protein should be minimized. It has been noticeable that the exudation from the burn decreases very rapidly on irrigation with hypochlorites.
Disinfection and preventioni of secondary infection.-The very high bactericidal powers of electrolytic hypochlorites in solutions which are completely harmless, and which can stimulate healing, deserve more recognition. In the cases to be described, a constant factor is the almost immediate cessation of toxic symptoms as shown by the bringing down of temperature and pulse to normal. That the envelope prevents secondary infection is shown by the normal temperature and by the rapidity of healing. In one case where the envelope was taken off just before all the area had epithelialized, infection occurred immediately.
Tissue toxxmia.-This is prevented by the fact that the hypochlorite immediately acts on the damaged tissue. Although the solution of dead tissue is not immediate, the hypochlorite will break up the products formed by autolysis into an innocuous solution which is washed away, or it will restore tissue capable of healing.
The possibility of maceration and irritation has been raised. We have seen no maceration from the use of hypochlorites except where there is much hard thick skin.' This has never been sore, however. Saline causes severe maceration and irritation. If it is desirable that the limb should be dried, warm oxygen may be blown through.
The general advantages of the envelope treatment are:-(1) It can be applied quickly and easily without complicated apparatus.
(2) Because the application of the envelope and treatment are painless, and because changing of dressing does not occur, mental trauma is banished.
(3) The question of whether epithelialization should be allowed to proceed or whether grafting should be carried out as soon as the wound is rendered healthy cannot be settled until the results are seen many months after the completion of the treatment. This question is therefore left entirely to the expert plastic surgeon to decide. We can say, however, that the envelope method will be of great assistance in preparing a healthy base for the graft and for preventing infection after the grafting operation.
(4) The envelope allows of free movement of the limb without the fear of pain. This in itself will prevent much of the deformity seen in other methods of treatment.
(5) Because of the disinfection and actual prevention of toxaemia, chemotherapy is rendered unnecessary.
(6) The covered silk is transparent and the progress of healing can be observed throughout.
27 Section of Surgery and Section qf Therapeutics & Pharmacology 69 (7) The nursing of the case is much simplified; an important point when skilled nursing is not easily obtainable.
(8) Far less time will be required in hospital-indeed many cases may well be treated as out-patients or at home after the stage of primary shock is passed.
(9) Although the envelope was originally designed for using hypochlorites, there are many forms of treatment which may be used, such as certain oils, gases, waxes, &c. We do not agree that saline by itself, particularly as a continuous bath, is a suitable medium by the envelope method.
(10) In the difficult cases where fractures exist as well as burns, the method appears to ofler a solution. Treatment of ordinary compound fractures has proved successful so far.
Case The second skin again became septic on the trunk and the temperature rose with a rapid pulse-rate; the general condition wvas low. Streptocide tablets x-ere given again for another four days and the child started to vomit continuously. Rectal saline was given four-hourly during the dav and twice during the night. Streptocide was discontinued after four days, but vomiting lasted continually for eight days.
Tannafax jellx-was applied after removing the second skin of tannic acid solution, this also had to be removed owing to infection. The neck and both arms took the second skin of tannic acid solution fairly w-ell, and, though septic, slow ly improved.
The elbow-s of both arms had to be put into sp)lints to avoid contracture. The splints were removed twice daily for exercises.
The trunk did not improve and normal saline dresAings were applied; these w ere soaked four-hourly in normal saline, but there was no progress. After seven weeks, there wvas again a sudden sharl) rise of temperature from°F. to IO4°F. The area of the abdomen anid (nest became very tender and raw. Ultra-violet ray was then given wvith no success.
Dressings from the commencement of the case were an agony to the child.
Acriflavine emulsion was next applied. There wvas some slight healing. General condition improved, temperature became normal.
After twenty-nine weeks, on October II, 1940, a new treatment wvas tried; this consisted of totally enclosing the wound in a delicate, transparent, waterproof silk tabric, w-hich was sterilized. It w as then sealed with special adhesive around the chest at the upper edge and round the abdomen at the lower edge, having an inlet and an outlet for the lotions. The patient was extremely apprehensive of this new dressing. Normal saline at a temperature of io05 F. w1as slowly poured in through the inlet to cover the wound, and the child did not feel pain. This saline was run off from the outlet and carried much exudate wvith it, and fresh saline wvas poured in. When the area was again covered hypochlorite 2-lO/,, was run in.
Again there was no pain. This treatment of washing the area wvith normal saline and hypochlorite was carried out three times daily, with meticulous care as to detail of percentage of solution and temperature.
The child nowv turns happily in bed, feels no discomfort x-ith the silk garment left emptied but moist and seems to like the touch of the silk. Her general condition is excellent.
The rapid regeneration of the epithelium is noteworthy. All the time the state of the skin can be seen through the silk.
Original extent of burnt surface, March 3I, I940 ioi-in. across chest; i5-1 in. down left side; 8 in. dow-n right side; i I in. across low-er abdomen.
November 4, I'40: Extent across chest g in. extent down chest 4 in.
November 17. Triangle size: 2-1 in. by 6 in.
Conlcluisionl. It is felt that this method is worthy of extended trial. It appears to conform more closelv to the rules that have been forrnulated than any other method, and the results so far encourageus to perfect both the envelope and the treatment.
I would like to acknowledge my great indebtedness to Mr. William Stannard of Leek for his keenness and technical skill and for bearing the cost of the experiments which were necessary to make the idea a practical proposition to Admiral Wakelev, Mr. W. H. Ogil-Vic, for their encouragement, Sir Harold Gillies for making it possible to treat some of the first cases, and Dr. Gillies of Macclesfield and the matron and nurses of MIacclesfield Infirmary for their kind co-operation.
Lieut.-Commander Bunyan then showed a coloured film of treatment by the envelope method.
Sir Harold Gillies emphasized the value of local treatment of burns, and the necessity for team work. Theyhad to get together to make these hopelessly deformed hands and faces better. Some other treatment than tannic acid for the hands was indicated. Saline treatment was made easier and possiblymore efficient by the Bunyan-Stannard envelope.
They should be grateful to the people who had introduced serum and even more grateful to those who had introduced the sulphonamide compounds. There was also a new paste 29 Section of Surgery and Section of Therapeutics & Pharmacology 71 which Professor A. J. Clark in conjunction with A. B. Wallace of Edinburgh had had made up containing albucid 5% in glycerine and cod-liver oil and kaolin. That paste might be of use in this treatment. Col. Colebrook had assisted in the local treatment of these granulating areas by powdered sulphanilamide. He felt that it was their bounden duty to get better results in the case of these burned hands and faces by using every available method.
Mr. R. Vaughan Hudson (Niddlesex Hospital) said that a burn should be regarded as a wound. If tannic acid were applied to a burnt area, it would be exactly the same as primary suture of a surgical wound without drainage. Skin, provided that it was not completely destroyed, had an automatic power of regeneration. If it were completely destroyed it could only be replaced by granulation tissue and scar tissue or by skin brought from another part of the body. He believed that it was necessary to revise our treatment of burns and apply the principles underlying the surgical treatment of wounds.
Col. Leonard Colebrook said that sepsis was one of the main factors in the burns problem and it resolved itself chiefly into infections by the hamolytic streptococcus. Surgeon Rear-Admiral Wakeley had said that he considered it rarely necessary to administer sulphanilamide when sepsis was present. On the other hand, Sir Harold Gillies had suggested that there was a great future for the sulphonamides in connexion with burns. He agreed with Sir Harold Gillies in this and gave his reasons for thinking that there was great hope in the local application of sulphanilamide either in powder or in some form of paste.
With the help of Sir Harold's co!leagues and of Major Francis and Dr. Morley, he had recently observed a series of 35 superficial granulating wounds treated once a day with sulphanilamide powder under vaselin gauze and a moist saline dressing. In all but two of them the hiemolytic streptococci with which they were infected had disappeared within two or three days-sometimes within twenty-four hours.
He described a few of these cases. One had multiple lesions resulting from sulphuric acid burns. Hamolytic streptococci grew from 10 of 15 swabs taken from these wounds on October 11 and 12. From October 15 sulphanilamide powder was applied once daily to all wounds. Six of the wounds previously yielding streptococci were swabbed on October 16, 18, 20 and 22 and three wounds on October 28. No streptococci were grown from any of these 27 swabs.
Another case had granulating ulcers on the dorsum of each hand-that on the left hand being much the larger. This hand was powdered once a day. From the left hand the streptococci (and B. Proteus) disappeared within three days and healing was rapid. On the right hand which had received routine treatment these organisms survived-till healing of the small lesions was nearly complete after eight days.
In most cases healing had been rapid as soon as the streptococcus disappeared from the lesions. Within the last two weeks he had seen a recent case with extensive second degree burns resulting from bomb flash. After a few days in saline baths all the burns were infected with himolytic streptococci, but following the application of sulphanilamide powder for three days these organisms had disappeared and the lesions were healed. He was hopeful that many of the second degree burns in which there was not a great deal of effusion would show the same results. The method employed was to blow the powder on with an insufflator. It was particularly in cases without a great deal of suppuration and without sloughs that elimination of streptococci might be expected.
Mr. T. Pomfret Kilner saidl that at the Ministry of Pensions' Hospital there had been admitted only a few cascs of burns from the present war. These and many cases seen after the last war bore out all that had been said about the crippling effects of burns on the hands and fingers. He had not employed saline baths in early stages but had found that wax baths at a later date rendered the finger skin more supple and increased the range of movement. He wondered if Mr. Mclndoe had had as yet an opportunity of treating a hand burn by saline baths from the beginning and whether this treatment prevented the fingers from becoming attenuated, blue and fixed. Did he advocate encouragement of active movements throughout such treatment and how did he prevent stiffening of joints during the grafting stage when fixation was presumably essential to success ?
Mr. Kilner stressed the point that treatment of all facial injuries, burns most of all, should aim primarily at restoration of function. If sight was to be preserved, immediate protection must be provided for the eyes by early grafting of ectropic eyelids.
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Proceedings of the Royal Society of Medicine 30 Mr. Mclndoe, who was the only one of the openers who wished to reply, said in answer to i!Ir. Kilner that they had treated a number of acute cases with baths of saline from the beginning, and the results had been most impressive. It was true that if a third degree area resulted, immobilization was necessary for a graft. The immobilization, howeever, lasted only from seven to ten days, and certainly it did not seem to have the disastrous fixation effect which followed the early immobilization during the period of wdema and infection in the presence of tannic acid. Spindling of the fingers had not resulted.
